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SUMMARY 


In vitro studies were undertaken to examine the effects of non-immune 
porcine peripheral blood leukocytes (PBL) on a coronavirus infection due 
to transmissible gastroenteritis virus (TGEV). The assay consisted of TGEV- 
infected epithelial cells expressing viral antigens on the cell surface and 
producing low amounts of interferon (IFN). Non-immune PBL were found 
to limit virus replication at an effector-to-target ratio of 100/1 even when 
effector cells were depleted of phagocytic cells. Neutralizing anti-IFN anti- 
bodies did not abrogate the effect. PBL from newborn animals were as 
effective as adult cells, whereas fibroepithelial cells, human and mouse 
lymphoid cells did not exert antiviral effects. Under similar conditions, 
PBL from adult animals could lyse TGEV-infected cells even in the pre- 
sence of anti-IFN antibodies. However, newborn PBL were not cytotoxic. 
Moreover, depletion of NK cells by monoclonal antibodies plus complement 
did not alter the inhibitory effect. These latter observations suggest that 
virus multiplication-inhibition effects and cytotoxic (or NK) activities are 
unrelated. 


Kery-worbs: Coronavirus, TGEV, Cytotoxicity, Lymphocyte; Interferon, 
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INTRODUCTION 


Non-specific defence mechanisms against viral infections include interferon 
(IFN) production and cell-mediated reactions. Non-immune mononuclear cells 
have been shown to counteract virus spreading by at least three distinct 
mechanisms: IFN production, spontaneous lysis of virus-infected cells (or 
natural killing, NK [14, 33]) and inhibition of virus replication [26]. In some 
cases, such as MHY3 or HSV1 infections, the great susceptibility of young 
animals was correlated with their immature cell-mediated immune reactions 
[16, 32]. 


In the present report, we have studied transmissible gastroenteritis virus 
(TGEV), a coronavirus which induces fatal diarrhoeas in up to 100 % of in- 
fected newborn piglets [12]. We show that non-immune porcine blood 
leukocytes (PBL) can inhibit TGEV multiplication in vitro. This inhibitory 
effect is an early mechanism which seems unrelated to the cytotoxic func- 
tions of PBL. In addition, both activities (inhibition of replication and cell- 
mediated cytotoxicity) appeared to be independent of IFNa production. 


MATERIALS AND METHODS 


Animals. 

We used conventionally reared pigs obtained from a herd with no history of TGE 
and lacking neutralizing anti-TGEV serum antibodies. 
Virus. 


As asource of TGEV, we used the cell-adapted Purdue 115 strain. Methods for 
propagation and titration (plaque-forming units, or PFU) were as already described 
[20]. 


Cells. 


Peripheral blood leukocytes (PBL) were obtained from heparinized blood by Ficoll 
density centrifugation [8, 29]. In some experiments, phagocytic cells were depleted 


ADCC = antibody-dependent cell-mediated MoAb = monoclonal antibody. 
cytotoxicity. m.o.i. = multiplicity of infection. 

E/T = effector-to-target. NCS = normal calf serum. 

FCS = foetal calf serum. NK = natural killing. 

IFN = Interferon. PBL = peripheral blood leukocyte. 

LGL = = large granular lymphocyte. pfu = plaque-forming unit. 

MEM = minimal essential medium. TGEV = transmissible gastroenteritis virus. 
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by iron carbonyl ingestion [29] followed by centrifugation on lymphoprep (Nyegaard, 
Oslo, Norway). The epithelial pig kidney cell line RPTG was cultured as previously 
described [20]. 


Mouse thymocytes were obtained from BALB/c mice raised in our own facilities. 
SP.O mouse myeloma cells were provided by J. Grosclaude (INRA, Thiverval- 
Grignon). Human rectum carcinoma cells (HRT-18) and simian kidney cells (MA-104) 
were obtained from J.F. Vautherot (INRA, Thiverval-Grignon). Human erythro- 
leukaemia K562 cells were grown in suspension in RPMI supplemented with 10 % 
foetal calf serum (FCS). 


IFN assay. 


IFN was assayed on bovine MDBK cells using vesicular stomatitis virus as a 
challenge [18]. In this assay system, our laboratory unit (U) is equal to 0.25 interna- 
tional units of human IFNe«. Anti-human IFNe antiserum was kindly provided by 
C. Chany (INSERM, Paris); it was absorbed on porcine PBL and used at a final 
dilution of 1/300, which neutralized at least 98 Y of porcine IFN present in these 
experiments (table I). Control experiments showed that this antiserum was devoid 
of anti-TGEV antibodies and did not inhibit TGEV replication in RPTG cells. 


Cell-mediated inhibition assay of virus multiplication. 


RPTG cells were plated for 24 hin 25 cm? tissue culture flasks (2 x 106 cells per 
flask). Cells were then washed and infected with TGEV for 1 h in serum-free minimal 
essential medium (MEM) at a multiplicity of infection (m.o.i.) of 2. Cultures were 
then incubated at 38°C overnight in MEME supplemented with 10 % normal calf 
serum (NCS), trypsinized and washed. RPTG cells (104) were incubated with 106 
PBL (effector-to-target (E/T) ratio of 100/1, unless otherwise stated) in a final volume 
of 200 ul (RPMI + 10 % FCS) in wells of round-bottomed microtitre plates (Nunc, 
Roskild, Denmark) for 22 h. Plates were then frozen and thawed in order to titrate 
together free and cell-associated TGEV. Controls included infected RPTG cells in 
the absence of PBL. 


Cell-mediated cytotoxicity against virus-infected cells: 75Se-release assay. 


TGEV-infected RPTG cells were obtained as stated above except that, during 
overnight incubation, cells were labelled with 75-selenomethionine [24]; 1 wCi 
(4 Ci/mmol; Amersham, UK) for 105 cells in methionine-free RPMI medium 
(Eurobio, Paris) supplemented with 10 % NCS. Trypsinized cells were extensively 
washed and added to PBL at different E/T ratios, in a final volume of 200 ul 
(RPMI + 10 % FCS) for 22 h (unless otherwise stated). Control experiments were 
performed with non-infected labelled RPTG cells. At the end of the assay, plates 
were centrifuged (300 g for 10 min) and 100 ul samples of supernatant were collected 
for radioactivity measurement. Percent cytotoxicity was calculated as: 


100 X (cpm exp — cpm SR)/(cpm MR —- cpm SR) 


where SR (spontaneous release) relates to labelled cells in the absence of PBL, and 
MR (maximal release) to cells with 10 % Triton-X100. 


Cell-mediated cytotoxicity against K562 cells: 5!Cr-release assay. 
A 4-h 5lCr-release assay was performed as previously described [6] in round- 


bottomed culture plates with 104 K562 cells added to various effector cell dilutions. 
The % cytotoxicity was calculated as stated above. 
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Complement-dependent cytolysis. 


Non-toxic one-month old rabbit sera served as a source of complement. One 
volume of PBL (3-10 x 106 cells per ml) was mixed with one volume of complement 
(1/15 final dilution) and three volumes of antibodies for 30 min at 37°C [28]. 
Then, the residual cell viability was measured by Trypan blue dye exclusion and the 
cells were assayed after readjustment of the viable cell concentration. Anti-porcine 
PBL hybridomas 76-2-11, 76-7-4 [27] and MSA4 [13] were kindly provided by 
Dr M. Pescovitz (NIH), and the corresponding monoclonal! antibodies (MoAb) were 
used as ascitic fluids at a final dilution of 1/200. 


RESULTS 
Characterization of TGEV-infected RPTG cells. 


Several experiments indicated that viral antigens were expressed on the 
surface of TGEV-infected cells: by performing antibody-dependent cell- 
mediated cytotoxicity (ADCC) assays, a higher cytotoxicity was obtained 
when infected target cells were incubated with porcine PBL in the presence 
of anti-TGEV antiserum [7]. Surface immunofluorescence assays were also 
performed on RPTG cells trypsinized 16h after infection using mono- 
clonal antibodies directed against viral glycoprotein E,. Most cells express- 
ed surface antigens (data not shown) as also shown on cell monolayers 
[22]. 


Under these conditions, infected RPTG cells produced very low IFN 
amounts (less than 10 U/ml) within 22 h. In contrast, supernatants of infected 
RPTG cells incubated for 22 h with porcine PBL contained IFN with titres 
ranging from 100 to 800 U/ml. The leukocytic origin of this IFN was 
confirmed by the fact (table I) that it was almost completely neutralized by 
an anti-human IFNea antiserum previously shown to cross-react with porcine 
IFN [19]. 


Cell-mediated inhibition of viral multiplication. 


When non-immune PBL were incubated for 22 h with TGEV-infected cells, 
virus multiplication in RPTG cells was markedly reduced (85-99 % inhibi- 
tion; table I, exp. n° | to 4). In kinetic experiments, the inhibitory effect was 
observed when PBL were incubated for at least 9 h with infected RPTG cells: 
about 45 to 55 % inhibition was observed after 9 h, as compared to 85-90 % 
following 22 h of incubation (2 experiments). The requirement of a minimal 
duration of incubation suggested that the decrease in virus titres was not due 
to adsorption of virus particles on PBL. In fact, control experiments showed 
that virus titres were identical when cell-free virus suspensions were incubated 
in medium alone or with PBL. 
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TABLE I. — Cell-mediated inhibition of TGEV replication in vitro. 
Presence of Virus titre 
Exp. n° Effector cells anti-IFN antiserum (pfu/ml) 
1 0 ~ 7 x 103 
Adult pig PBL — <5 x 102 
2 0 — 5.3 x 104 
Adult pig PBL _ 2.5 x 103 
+ 1.7 x 103 
3 0 7.3 x 103 
Adult pig PBL - < 50 
+ 50 
4 0 - 2x 104 
Adult pig PBL - 2.4 x 103 
8-day old pig PBL ~ 1.1 x 103 
~ 5.9 x 103 
5 0 - 4x 104 
Adult pig PBL — 1.3 x 103 
HRT-18 — 7.1 x 104 
MA-104 — 3 x 104 
Mouse thymocytes - 3.8 x 104 
SP2 — 6.2 x 104 
K-562 — 3 x 104 


Average IFNz titre in co-cultures of PBL + TGEV-infected cells was 480 U/ml. In the presence of 
anti-[FNe antiserum, the [FNe titre was < 10 U/ml. 

RPTG cells were infected with TGEV (m.o.i. = 2) for 16 h, trypsinized and incubated for 20 h with 
various cells at an E/T ratio of 100. 


Since IFNe is present in supernatants of infected cells incubated with PBL 
(table I and fig. 1), and since TGEV is susceptible to IFN [18], the viral 
multiplication inhibition could well be due to the IFN antiviral effect. In fact, 
in the presence of a dilution (1/300) of anti-IFN« antiserum which neutrali- 
zed more than 98 % endogenous porcine IFN, PBL still inhibited virus 
multiplication (table I, exp. n° 2 and 3), which implies that this inhibition 
was mostly independent of extracellular IFN. 


Inhibition of TGEV multiplication was observed when PBL were incubated, 
with E/T of 100/1 and 50/1 (table II). PBL from 8-day old piglets were as 
active as cells from adults (table I). However, mouse and human lymphoid 
cells (thymocytes, SP20, K562) or TGEV-non replicating cell lines (HRT-18, 
MA-104) could not significantly inhibit virus multiplication (table I). It 
was concluded that this viral multiplication-inhibition was selectively 
mediated by porcine leukocytes (including gut lymphocytes ; Petit and Charley, 
unpublished results). 
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Tasre Il. — Inhibition of TGEV replication in vitro by PBL 
and by phagocyte-depleted lymphocytes at different E/T ratios. 


Virus titre IFN titre 


Exp. n° Nature of effector cells E/T ratio (pfu/ml) (U/ml) 
1 0 0 105 < 10 
Adult pig leukocytes 100/1 5.7 x 103 825 
Phagocytic cell-depleted 100/1 6 x 103 2,500 
lymphocytes 
2 0 0 6 X 105 < 10 
Adult pig leukocytes 100/1 1.8 xX 105 100 
» 50/1 1.8 x 105 160 
» 25/1 4.1 x 105 50 
Phagocytic cell-depleted 100/1 2.7 x 105 8,250 
lymphocytes 


RPTG cells were treated as in table [. 
PBL were depleted of phagocytic cells by carbonyl iron ingestion followed by centrifugation over 
lymphoprep (see «Materials and Methods»). 
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Fic. 1. — Lysis of infected (black symbols) and uninfected cells (open symbols) 
and IFN production by non-immune PBL: kinetic experimenis (E/T ratio of 100/1). 


Mean values of spontaneous release by control and infected cells after 22 h were 994 and 
1,680 counts per min, respectively. Maxima! release values were 5,063 and 5,370, respectively. 
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When porcine PBL were depleted of phagocytic cells, they could still 
inhibit TGEV multiplication. Complement-mediated lysis assays were used 
to characterize the effector cells involved in the inhibition of virus multiplica- 
tion (table III). MoAb 76-2-11, which recognizes porcine cytotoxic T cells 
(PT8) [27] and which abolishes porcine NK activity against K562 cells (table III 
and Pescovitz, personal communication) did not alter the ability of PBL to 
limit TGEV multiplication (table III). Similarly, MoAb MSA4, a pan-T-cell 
reagent [13] and MoAb 76-7-4 which reacts with porcine B cells [27], had no 
effects on the effector functions studied (table III). 


Tas_e III. — Effects of complement-mediated lysis of PBL upon their ability 
to lyse K562 cells and to inhibit TGEV replication. 


Complement MoAb 76-2-11 MoAb MSA4 MoAb 76-7-4 


alone (PT8) + (PanT) + (B) + 
complement complement complement 

Percentage of 2-6 () 10-40 43-58 10-23 
dead cells 
NK (562) E/T = 50 16®@ 0 3 33 

0 
cytotoxicity E/T = 100 36 0 2 38 
Inhibition of 
TGEV repli- 714280) . Bx#A14 66 + 19 6647 
cation 
(percentage) 


(1) Range of data in 4 experiments. 

(2) % cytotoxicity in a 4-h 5'Cr-release assay, with K562 cells as target cells, at E/T ratio of 50 
and 100. Data are representative of two experiments. 

(3) Mean + SEM of 4 experiments. PBL were incubated with virus-infected cells at an E/T ratio 
of 100. 

Percentage of inhibition was calculated as: 100 x (virus titre without PBL — virus titre with PBL)/virus 
titre without PBL. 


Cell-mediated cytotoxicity against TGEV-infected RPTG cells. 


As a possible mechanism explaining the viral multiplication inhibition by 
PBL, we analysed, in the same experimental conditions as stated above, the 
ability of non-immune PBL to lyse virus-infected cells in vitro. Infected RPTG 
cells were labelled with 75Se-methionine instead of 5!Cr in order to reduce 
spontaneous isotope release in long-term assays [24]. In 75Se-release assays, 
non-immune PBL could, within 22 h, lyse infected target cells much more 
efficiently than control cells (fig. 1). In the same period, IFNe gradually 
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appeared in supernatants (fig. 2). We also performed 7*Se-release assays in 
the presence of neutralizing anti-IFN« antiserum: under these conditions 
(fig. 2), infected cells were still more extensively lysed than control cells. In 
contrast to adults, PBL obtained from young animals could not lyse TGEV- 
infected cells (table IV). 


“CYTOTOXICITY 


Fic. 2. — Effect of anti-IFN antibodies on cell-mediated cyiotoxicity of non-immune PBL 
against virus-infected cells. 


Open bars = presence of anti-IFN antiserum (1/300); dotted bars = absence of antiserum. 
A = uninfected cells; B = infected cells. 


TaBLe ITV, — Comparison of young and adult animal PBL in their ability 
to mediate lysis of TGEV-infected cells. 


% cytotoxicity at E/T ratios of 


PBL origin 25/1 50/1 1007/1 
8-day old piglets 0 0 0 
0 0 0 
Adults 0 9.44 1.4 18.1 + 2.2 
9.34 1.5 23,8 42.8 3644.7 


RPTG were treated as in table I. 
75Se-release assay performed in 22 h. 
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DISCUSSION 


Our findings indicate that non-immune PBL can limit TGEV multiplica- 
tion in vitro; several mechanisms could account for that observation. Firstly, 
NK cells could lyse infected cells before virus progeny was produced and 
therefore limit viral replication: this mechanism was proposed for herpesviruses 
[11, 34]. In the present report as well as in previous studies [5], non-immune 
porcine PBL are shown to be cytotoxic to TGEV-infected target cells. This 
cytotoxicity differs from ADCC in that it requires a longer period of incuba- 
tion [5, 7]. However, PBL obtained from newborn piglets have no spontaneous 
cytotoxicity, either against tumour target cells [8, 15] or against TGEV-infected 
cells ([5]; our present results). Since PBL from young piglets do inhibit virus 
multiplication in vitro, it is unlikely that TGEV multiplication inhibition could 
be due to NK lysis of infected cells. This assumption is further strengthened 
by the fact that complement-mediated lysis of PBL by MoAb 76-2-11, which 
abolished the porcine NK activity against K562 cells, did not alter the inhibitory 
effect. However, with the MoAb used, we could not characterize the precise 
nature of the effector cells involved in the inhibition phenomenon. 


In several experimental models, JFNa was produced by mononuclear cells 
during the antiviral NK assay, and it was therefore suggested that the preferen- 
tial lysis of virus-infected over uninfected cells could be due to a non-specific 
augmentation of cytolysis by IFNe [30]. However, by using anti-[FNa 
antibodies, it was found that lysis of cells infected with HSV1 [10], measles 
[4] and dengue viruses [17] was independent of IFNa generation. Similarly, 
the present report indicates that porcine effector cells were capable of lysing 
TGEV-infected target cells independently of extracellular IFNa production. 
Whether the glycoprotein E2 expressed on the membrane of TGEV-infected 
cells [22] could directly activate NK, as previously shown for Sendai, influenza 
and measles virus glycoproteins [1, 2, 3] needs to be investigated. 


A second possible explanation for the inhibition of viral replication could be 
that PBL alters target cell metabolism, thereby interfering with virus-driven pro- 
tein synthesis [26]. However, in our experiments, the antiviral effect was mediated 
only by porcine PBL and not by other lymphoid or epithelial cells tested. 


Thirdly, IFN could account for the inhibitory effect: porcine PBL, although 
unable to replicate TGEV, produce IFNa after exposure to infectious or UV- 
inactivated TGEV [21] or to TGEV-infected cells (this report). When the large 
majority of endogenously produced IFNo« was neutralized by anti-I[FNa 
antibodies, virus replication was still inhibited by PBL; however, one cannot 
rule out a possible antiviral effect of residual IFN. Previous studies on 
inhibition of herpesvirus multiplication have also shown that activated 
macrophages [26], Leul1* Leu4~ human large granular lymphocytes (LGL) 
[11] and bovine leukocytes [31] could inhibit virus multiplication independently 
of IFN« production. 


In order to propose a mechanism which could explain the inhibitory 
effect described here, it would also be necessary to examine the presence, in 
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porcine PBL, of natural antiviral compounds such as the neutralizing peptides 
MCPI1 and MCP2 described in rabbit leukocytes [23]. 


Finally, what roles could be played by the activities described in this report 
in the resistance of adult animals to TGE infection? Cell-mediated inhibi- 
tion of virus replication, which could act early in the course of the infection 
(within 9 h of incubation) might serve to limit TGEV replication in adult 
animals. In newborn piglets, although mononuclear cells are active in vitro, 
the reduced number of circulating mononuclear cells [25] and the very low 
number of intestinal intraepithelial lymphocytes [9] observed during the first 
3 weeks of life, along with the inability of piglet-derived PBL to lyse virus- 
infected cells, could account for the great susceptibility of young animals to 
TGEYV infection. 


RESUME 


INHIBITION DE LA MULTIPLICATION IN VITRO DU CORONAVIRUS 
DE LA GASTROENTERITE TRANSMISSIBLE (GET) PAR DES LYMPHOCYTES NON IMMUNS 


Nous avons entrepris d’étudier in vitro les effets de leucocytes sanguins 
de porcs non immuns sur l’infection par le coronavirus de la gastroentérite 
transmissible (GET). En l’absence de lymphocytes, le virus GET se réplique 
dans des cellules épithéliales, induisant l’expression d’antigénes viraux de 
surface et la production de faibles quantités d’interféron (IFN). Des lympho- 
cytes non immuns, mis en présence de cellules infectées, sont en mesure de 
limiter la multiplication virale quand ils sont utilisés 4 un rapport effecteur 
sur cibles de 100 et cela, méme quand les cellules effectrices sont appauvries 
en cellules phagocytaires. Des anticorps anti-IFN neutralisants n’empéchent 
pas cet effet. Les lymphocytes d’animaux nouveaux-nés sont aussi actifs que 
ceux des adultes, alors que des cellules fibroépithéliales et des cellules lym- 
phoides humaines ou murines n’ont aucun effet antiviral. Dans les mémes 
conditions, des lymphocytes provenant d’animaux adultes détruisent des 
cellules infectées par le virus GET, méme en présence d’anticorps anti-IFN. 
Cependant, puisque les lymphocytes de nouveaux-nés ne sont pas cytotoxiques 
et que la destruction des cellules NK par anticorps monoclonal plus complé- 
ment ne modifie pas l’effet inhibiteur, il apparatt que cet effet antiviral n’est 
pas dil aux fonctions cytotoxiques (NK) des lymphocytes. La nature du méca- 
nisme responsable de l’effet antiviral décrit dans cet article reste donc 4 élucider. 


Mortsc1eés: Coronavirus, TGEV, Cytotoxicité, Lymphocyte; Porc, Interféron. 


ACKNOWLEDGEMENTS 


This work was performed with the technical assistance of Elisabeth Petit, 
Jacqueline Gelfi and Christiane de Vaureix. Dr M. Pescovitz (NIH, USA) is gratefully 
acknowledged for providing hybridomas. 


ANTI-TGEV EFFECT OF NON-IMMUNE LYMPHOCYTES 193 


REFERENCES 


[1] AvsHeixty, A., ORvELL, C., Harrast, B., ANDERSON, T., PERLMANN, P. & 
Norrsy, E., Sendai-virus-induced cell-mediated cytotoxicity in vitro. The 
role of viral glycoproteins in cell-mediated cytotoxicity. Scand. J. Immunol., 
1983, 17, 129-138. 

[2] Arora, D.J.S., Houpe, M., Jusrewicz, D.M. & MANDEVILLE, R., Jn vitro 
enhancement of human natural cell-mediated cytotoxicity by purified 
influenza virus glycoproteins. J. Virol., 1984, 52, 839-845. 

[3] Casal, P., Sissons, J.G.P., BuchMerer, M.J. & OLpsTong, M.B.A., In vitro 
generation of human cytotoxic lymphocytes by virus. Viral glycoproteins 
induce non-specific cell-mediated cytotoxicity without release of interferon. 
J. exp. Med., 1981, 154, 840-855. 

[4] Casaul, P. & Ovpstons, M.B.A., Mechanisms of killing of measles virus- 
infected cells by human lymphocytes: interferon-associated and -unassociated 
cell-mediated cytotoxicity. Cell. Immunol., 1982, 70, 330-344. 

[5] Cepica, A. & DersBysHIRE, J.B., Antibody-dependent and spontaneous cell- 
mediated cytotoxicity against transmissible gastroenteritis virus-infected cells 
by lymphocytes from sows, fetuses and neonatal piglets. Canad. J. comp. 
Med., 1984, 48, 258-261. 

[6] Cuar.ey, B., Petit, E., LAupE, H. & La Bonnarprere, C., Myxovirus- and coro- 
navirus-induced in vitro stimulation of spontaneous cell-mediated cytotoxicity 
by porcine blood leukocytes. Ann. Virol. (Inst. Pasteur), 1983, 134 E, 119-126. 

[7] Cuarcey, B., Perir, E., Geiri, J., Laupe, H. & La BoNNARDIERE, C., Factors 
modulating the natural killing activity in swine, in « Cell-mediated immuni- 
ty» (P.J. Quinn) (162-189). Commission European Communities, Luxem- 
bourg, 1984. 

[8] Cuarcey, B., Petir, E. & LA BonnarpigreE, C., Interferon-induced enhance- 
rae of newborn pig natural killing (NK) activity. Ann. Rech. Vét., 1985, 

, 399-402. 

[9] Cuu, R.M., GLtock, R.D., Ross, R.F. & Cox, D.F., Lymphoid tissues of the 
small intestine of swine from birth to one month of age. Amer. J. vet. Res., 
1979, 40, 1713-1719. 

[10] FirzcErRaLp, P.A., Von Wussow, P. & Lopgz, C., Role of interferon in natural 
killing of HSV-i-infected fibroblasts. J. Jmmunol., 1982, 129, 819-823. 

(11] FrrzceraLp, P., MENDELSON, M. & Lopez, C., Human natural killer cells limit 
replication of herpes simplex virus type 2 in vitro. J. Immunal., 1985, 134, 
2666-2672. 

[12] HaeLTeRMaN, E.D., On the pathogenesis of transmissible gastroenteritis of 
swine. J. Amer. vet. med. Ass., 1972, 160, 534-540. 

[13] HAMMERBERG, C. & ScHuRIG, G.G., Characterization of monoclonal antibodies 
directed against swine leukocytes. Vet. Immunol. Immunopath., 1986, 11, 

07-121. 

[14] Herserman, R.B. & Ortacpo, J.R., Natural killer cells: their role in defenses 
against disease. Science, 1981, 214, 24-30. 

[15] Hun, N.D., Kim, Y.B., Koren, H.S. & Amos, D.B., Natural killing and 
antibody-dependent cellular cytotoxicity in specific pathogen-free miniature 
swine and germ-free piglets. — II]. Ontogenic developments of NK and 
ADCC. Int. J. Cancer, 1981, 28, 175-178. 

[16] Koui, S. & Harmon, M.W., Human neonatal leukocyte interferon production 
and natural killer cytotoxicity in response to herpes simplex virus. J. Inter- 
feron Res., 1983, 3, 461-463. 

[17] Kurang, I., HEBBLEWAITE, D., BRANDT, W.E. & Ennis, F.A., Lysis of dengue 
virus-infected cells by natural cell-mediated cytotoxicity and antibody- 
dependent cell-mediated cytotoxicity. J. Virol., 1984, 52, 223-230. 


194 B. CHARLEY, H. LAUDE AND C. LA BONNARDIERE 


{18] La Bonnarpiere, C. & Lauper, H., High interferon titer in newborn pig 
intestine during experimentally induced viral enteritis. Infect. Jmmun., 1981, 
32, 28-31. 

(19] La BONNARDIERE, C. & Laupbe, H., Interferon induction in rotavirus and coro- 
payinus infection: a review of recent results. Ann. Rech. Vér., 1983, 14, 
507-511. 

[20] Laupe, H., Thermal inactivation studies of a coronavirus, transmissible 
gastroenteritis virus. J. gen. Virol., 1981, 56, 235-240. 

[21] Laupg, H., Cuarcey, B. & La BonNARDIgRE, C., Interactions of porcine enteric 
coronavirus TGEV with macrophage and lymphocytes, in «Molecular 
biology and pathogenesis of coronaviruses» (P. Rottier, B. Van der Zeijst, 
W. Spaan & M. Horzinek) (p. 385). Plenum Press, New York, 1984. 

[22] Laupe, H., CHaApsar, J.M., Geri, J., Lasrau, 8. & GROSCLAUDE, J., Antigenic 


structure of transmissible gastroenteritis coronavirus. — [. Properties of 
monoclonal antibodies directed against virion proteins. J. gen. Virol., 1986, 
67, 119-130 


[23] LeHRer, R.I., Daxer, K., Ganz, T. & SELsTED, M.E., Direct inactivation of 
viruses by MCP1 and MCP2, natural peptide antibiotics from rabbit 
leukocytes. J. Virol., 1985, 54, 467-472. 

[24] Leroy, W. & Bripag, S., 75Se-release: a short and long-term assay system for 
cellular cytotoxicity. Z. Jmmun.-Forsch., 1979, 155, 287-311. 

[25] McCautey, I. & Hartmann, P.E., Changes in piglet leucocytes, B lymphocytes 
and plasma cortisol from birth to three weaks after weaning. Res. Vet. Sci., 
1984, 37, 234-241. 

[26] Morse, SS. & Moranan, P.S., Activated macrophages mediate interferon- 
independent inhibition of herpes simplex virus. Cell. /mmunol., 1984, 58, 

2-84. 

(27] PEscovitz, M.D., Lunney, J.K. & Sacus, D.H., Preparation and characteriza- 
tion of monoclonal antibodies reactive with porcine PBL. J. J7imunol., 1984, 
133, 368-375. 

[28] Satmon, H., Specificity of pig T-lymphocyte antiserum: cytotoxicity and 
inhibiting properties onto E-rosette-forming lymphocytes. Ann. Immunol. 
(Inst. Pasteur), 1978, 129 C, 571-584. 

(29] Satmon, H., Surface markers of porcine lymphocytes and distribution in 
various lymphoid organs. Int. Arch. Allergy, 1979, 60, 262-274. 

[30] Santou, D., Trincutert, G. & Koprowski, H., Cell-mediated cytotoxicity 
against virus-infected target cells in humans. — II. Interferon induction and 
activation of natural killer cells. J. Jmmunol., 1978, 121, 532-538. 

[31] Surivastana, R.S. & Le Jan, C., Non-specific antiviral activity of bovine 
leukocytes against infectious bovine rhinotracheitis virus in vitro. Ann. Rech. 
Vet, 1982, 13, 251-257, 

[32] TARDIEU, M., Hery, C. & Dupuy, J.M., Neonatal susceptibility to MHV; 
infection in mice. — IT. Role of natural effector marrow cells in transfer 
of resistance. J. Jmmunol., 1980, 124, 418-423 

[33] WaLSH, R.M., Do natural killer cells play a role ie virus infections? Antiviral 

1981, 1, 5-12. 

[34] Vasa M. & KoBavasHt, Y., Inhibition of herpes simplex virus replication 
in vitro by human cytotoxic T-cell clones and natural killer cell clones. J. gen, 
Virol,, 1985, 66, 2225-2229, 


